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Background
Mild cognitive impairment (MCI) refers to a transitional state between normal aging and early Alzheimer's disease (AD) and other dementias. [1] [2] [3] In population-based studies, the prevalence of MCI in elderly individuals (≥65 years of age) is 10% to 20%, and 5% to 10% of patients with MCI progress to AD each year thereafter. [4] [5] [6] [7] Given that AD is an irreversible illness, prevention and early intervention become increasingly important. 8 This has led to increased interest in the early diagnosis and management of MCI. One of the leading symptoms of MCI and early AD is undermined memory, particularly working memory (WM). 9, 10 WM is a short-term memory system that coordinates the temporary storage, simultaneous processing, and manipulation of information necessary to successfully perform complex cognitive functions. 9, 10 WM is managed by the prefrontal and parietal lobes of the brain. In particular, the prefrontal lobe manages the overall higherlevel cognitive functions, such as logical thinking, emotional control, planning and decision-making, in addition to WM. As such, impaired function of the prefrontal lobe explains, in large part, many symptoms of MCI. 10, 11 Presently, there is no clearly established treatment for MCI, although several clinical studies have used AD treatment medications in cases involving MCI. This, however, this did not result in a significant decrease in the proportion of cases in which MCI progressed to AD. 3, 12, 13 For this reason, various non-pharmacological treatments, such as cognitive training, 14 physical treatment, 15 and acupuncture, [16] [17] [18] [19] have been attempted in managing MCI. In particular, acupuncture is a method that has been used to treat various neurological disorders for several thousands of years, including those involving stroke, 20 AD, 21 MCI, [16] [17] [18] [19] and vascular dementia. 22, 23 In several clinical studies, acupuncture has been shown to improve clinical outcome in patients with impaired cognitive function, and has emerged as a treatment that can be used alone or in combination with other therapies. [17] [18] [19] [20] [21] 23 The use of acupuncture for cognitive function therapy has been increasing; however, its therapeutic mechanism remains unclear. In recent years, neuroimaging studies have been actively undertaken to identify the neural mechanisms of acupuncture that affect cognitive function in patients with MCI and/or AD. [24] [25] [26] Feng et al. 24 found that MCI patients exhibited reduced correlation in the temporal region (hippocampus, thalamus, fusiform gyrus) and prefrontal cortex compared with healthy age-matched subjects in the resting state. They also found that MCI patients exhibit significant functional connectivity changes in these abnormal regions after acupuncture. Wang et al. 25 found that, after acupuncture, several regions exhibited increased or decreased activity in subjects with MCI and AD compared with normal subjects, and most of regions involved the temporal and frontal lobes, which are closely related to memory and cognition.
Given these previous studies, acupuncture appears to be a clinically feasible treatment for cognitive dysfunction because acupuncture stimuli can activate parts of the brain associated with cognitive function, including the temporal and frontal lobes. To date, neuroimaging studies have largely focused on the evaluation of brain activity before, during, or immediately after stimuli from acupuncture. Studies investigating changes in the brain activity of MCI patients after long-term acupuncture treatment, however, are scarce. Accordingly, this study aims to examine changes in the hemodynamic response of the prefrontal cortex that appears during WM tasks, before and after 12 weeks of acupuncture treatment using functional near-infrared spectroscopy (fNIRS) to identify potential improvement in cognitive function and the therapeutic mechanisms of acupuncture. Our hypothesis is that, after long-term acupuncture therapy (12 weeks, 24 sessions), normal and MCI patients exhibit differences in prefrontal lobe activity in fNIRS measurements during a WM test, which can lead to improvement in cognitive function and changes in prefrontal blood flow of patients with MCI.
Methods

Objectives
The specific objectives of the present study are as follows: to evaluate hemodynamic response in patients with MCI after long-term acupuncture treatment; to assess whether long-term acupuncture treatment can improve cognitive function in patients with MCI compared with healthy controls not undergoing acupuncture treatment; and to evaluate the feasibility of acupuncture treatment, as well as provide guidance for future larger-scale clinical trials. Subjects who voluntarily sign the consent form to participate in the clinical research will be assigned to a patient group or normal control group after assessment as to whether they meet the inclusion criteria. The patient group will be treated with acupuncture twice per week for 12 weeks; no treatment will be administered to the healthy control group. fNIRS measurements, and WM and neuropsychological tests will be performed at baseline, and at 6 and 12 weeks after subject allocation to a particular group. Additionally, every time subjects visit the clinic, vital signs, abnormal reactions, and medication history will be reviewed. A flow diagram of the proposed trial is shown in Fig. 1 
Design
Inclusion and exclusion criteria
Inclusion criteria
The common inclusion criteria for the patient and healthy control groups are individuals 40 to 80 years of age, and those who understand the purpose of the study and consent to participate. Inclusion criteria for the patient group are as follows: individuals who meet the Peterson diagnostic criteria for MCI, with memory problems for at least 3 months; at least 6 years of education; Hachinski ischemic score ≤6; Korean version of the Montreal Cognitive Assessment (MoCA-K) score ≤22; and Clinical Dementia Rating (CDR) score 0.5 AND global deterioration scale (GDS) score 2-3. The inclusion criterion for individuals allocated to the healthy control group is an MoCA-K score ≥23.
Exclusion criteria
Exclusion criteria include the following: diagnosed with dementia according to the Diagnostic and Statistical Manual of Mental Disorders-IV; history of neurological disorder(s) that can cause cognitive decline (e.g., Parkinson's disease, stroke, cerebral hemorrhage, tumors, normal pressure hydrocephalus); received any treatment for MCI during the previous 4 weeks; involved in other clinical trials within the previous 4 weeks; experienced hypersensitivity reactions after acupuncture treatment, or those who exhibit unusual difficulty with acupuncture treatment; individuals likely to exhibit a noncooperative attitude or judged by the researchers to be unable to proceed with the study; and, finally, individuals who cannot undergo fNIRS measurements for any reason.
Recruitment
Participants will be recruited through advertisements in local newspapers and leaflets, as well as banners displayed in the hospital. The healthy control group will be selected by matching the patient group with age, sex, years of education. A control group of healthy individuals will be recruited to match those in the patient group in 5-year age categories.
Intervention
The patient group will undergo 10 min of acupuncture treatment at 14 anatomical points, twice per week for 12 weeks, corresponding to 24 treatment sessions in total; the healthy control group will not undergo any acupuncture treatment. Details regarding the acupuncture treatment are listed in the revised Standards for Reporting Intervention in Clinical Trials of Acupuncture 27 (Table 2 ).
Concomitant treatment
Both groups will be prohibited to undergo any acupuncture treatments other than those provided during the period of clinical trial participation. Participants in either group, however, will be allowed to undergo any treatment for cognitive impairment, but will be required to report the treatment performed. All medications and non-medication treatment not specified in the protocol will be described in the case report form.
fNIRS scanning procedure
Hemodynamic responses in the prefrontal cortex will be recorded using fNIRS developed by NIRX (NIRScout, NIRx Medical Technologies, USA). The system uses near-infrared light of two wavelengths (760 nm and 850 nm) to determine changes in the concentration of hemoglobin. A sampling rate of 7.81 Hz will be used to acquire the fNIRS data. The prefrontal cortex of the brain will be thoroughly examined using 8 sources and 7 detectors. The detectors will be placed around the center of the pre-frontal cortex (Fpz region) in accordance with the International 10-20 electrode system. A total of 20 channels will be configured using a source-detector combination. fNIRS data from the brain will be acquired while subjects are performing a WM task.
fNIRS data processing
The modified Beer-Lambert law (MBLL) will be used to convert optical density signals into concentration changes of 
A total of 24 treatment sessions will be administered to the patient group, and no treatment will be administered to the healthy control group 3b) Frequency and duration of treatment sessions Patient group will be asked to attend treatment session twice weekly for 12 weeks (24 treatments Acupuncture treatment for healthy control group will not be implemented oxygenated hemoglobin (oxy-Hb) and deoxygenated hemoglobin (deoxy-Hb) ( HbO and HbR). The MBLL for two wavelengths is given as:
in which A(t; j ) (j = 1,2) is the unit-less absorbance (optical density) variation of the light emitter of wavelength j ,˛H bX ( j ) is the extinction coefficient of HbX in M −1 mm −1 , d is the unitless differential path length factor (DPF), and l is the distance (in mm) between emitter and detector. Because the data will likely be contaminated with physiological "noise", a low-pass filter with a cutoff frequency of 0.2 Hz will be used to remove respiratory and cardiac signals. The low-frequency drift from the data will then be minimized using a high-pass filter with a cutoff frequency of 0.01 Hz. Data processing will be performed using NIRSLAB software (NIRx, USA).
Outcome measurement
A clinical research coordinator with a nursing license will measure outcomes.
Primary outcome
The primary outcome of this study will be the MoCA-K score, evaluated at baseline, and at 6 and 12 weeks after subject allocation. The MoCA-K is a tool developed by Nasreddine et al 29 to identify MCI based on the Montreal Cognitive Assessment scale. It was translated into Korean and underwent a validity evaluation. 30 Subscales of this tool include visuospatial ability, executive function, attention-concentration-working memory, language, short-term memory recall, and orientation to time and place for evaluation of overall cognitive function. Measured on a scale of 30 points, the cutoff point to identify MCI is ≤22 points. 30 In this study, subjects with reduced cognitive functions without dementia (≤22 points for MoCA-K) will be classified as MCI. MoCA-K will be evaluated at the time of screening, and 6 and 12 weeks after being assigned to one of the two groups.
Secondary outcomes 2.9.2.1. AD Assessment Scale-cognitive subscale (ADAS-Cog).
This is a tool for evaluating comprehensive cognitive functions involving memory, language, praxis, and the function of the frontal lobe. 31 In particular, this tool is known to be sensitive to the treatment responses of patients with MCI or early dementia, and has classified such patients with few false positives. It is used as a tool to judge the efficacy of various anti-dementia treatments. 32, 33, 34 ADAS-Cog will be evaluated at baseline, and at 6 and 12 weeks after allocation.
WM task accuracy, response rate, response time.
Subjects will undergo a WM test while lying down to receive acupuncture. The WM task is presented on a computer monitor that can be viewed by the subjects in a lying position. For the WM test, the components of the visuospatial sketchpad from the WM model described by Baddeley 35 will be used. The test will be conducted as a 2-back test, and based on the experimental models described by Crone et al, 36 Klingberg et al, 37 and van Ewijk et al. 38 The visuospatial WM test consists of remembering the location information of red circles allocated within 2 × 2 (low WM load) and 4 × 4 (high WM load) grids. To distinguish between the probe and stimulation, the probe will be marked as a white circle with a red outline, while the stimulation is marked as a fully colored red circle (Fig. 2) .
The WM task is composed in a block design using a delayed match to sample (Fig. 3) . A delayed match to sample WM test presents visual stimuli with a series of location information and determines whether the location of the probe exists in the previously presented visual stimuli. Stimulation with location information will be presented for 1.1 s at intervals of 0.9 s. Three to eight location information stimuli will be randomly selected for the composition. After the stimulation presentation, the probe will be presented for 2 s, and the subject will be asked to report an answer using a button. A WM task of 30 s and a rest period of 30 s will be repeated six times for approximately 6 min. The six WM tasks will each have three 2 × 2 tasks and 4 × 4 tasks in random order.
Subjects will answer "Yes" or "No" using a response button in the WM task. The input signal will be saved on the computer through an external signal entry device to calculate accuracy, response rate, and response time, which will serve as indices to assess WM tasks. Evaluation will be conducted at baseline, and 6 and 12 weeks after allocation.
Hemodynamic responses of the prefrontal lobe.
The hemodynamic responses (Oxy-Hb, deOxy-Hb) of the prefrontal lobe during the WM task will be evaluated at baseline, and 6 and 12 weeks after allocation, using fNIRS.
Sample size calculation
For each group, there will be 10 subjects (a total of 20 participants) in the pilot study. Anticipating a 15% drop-out rate, a total of 24 subjects, with 12 subjects in each group, will be recruited.
Statistical analysis
Individuals who undergo >70% of entire acupuncture treatment (i.e., attend >17 of the 24 treatment sessions) will be considered to have satisfied the requirements for treatment completion; those who attended ≤17 sessions will be excluded from the per-protocol analysis.
All statistical analysis will be based on two-tailed tests, and the significance level will be set to 5%. Statistical analysis will be performed using SAS version 9.4 (SAS Institute Inc., Cary, NC). In case of missing values, the study will use multiple imputations for processing. Series data will be expressed as mean and standard deviation, and the independent t-test or Fig. 3 -4×4 working memory task procedure.
Wilcoxon rank sum test will be used for comparisons. Categorical data will be expressed as frequency and percent, and the chi-squared or Fisher's exact tests used for comparative analysis.
As for the effectiveness assessment variable analysis, the analysis of covariance setting fixed factor, baseline value and stratification factor as covariate was used for analysis. To compare differences in measured values before and after treatment within each group, the series variables will be analyzed using the paired t-test or Wilcoxon signed rank test, and categorical variables will be analyzed using the chi-squared or Fisher's exact tests. To compare differences regarding changes in visiting trends in each group, repeated measures analysis of variance will be used. To evaluate safety, the frequency of adverse events (AEs) and severe AEs associated with treatment will be analyzed.
Safety
To verify the safety of acupuncture treatment, those with severe illness during the study period will be identified. Before each acupuncture treatment, vital signs will be measured.
At each visit, subjects will be examined for any adverse reactions, and will be trained to voluntarily report the occurrence of AEs. The test conductor will verify whether there are any AEs by interviewing the subjects. If there are AEs, the date the event occurred and disappeared, the severity, measures taken, causal relation to the procedures, name of medication or treatments suspected of having caused the reaction, and treatment to address the AE, will be recorded in detail and the appropriate treatment will be immediately provided to the participant.
If an AE is suspected of causing harm to a subject at any time during the clinical trial, the principal investigator may intermittently intervene on the subject's behalf. If continuation of the intervention is judged to be harmful to the subject, based on evaluation of the causal relationship between the intervention and the progress of the AEs, the principal investigator may discontinue the intervention.
Quality control
To improve data quality, regular monitoring will be conducted. The clinical research associate will regularly monitor the study file, case report form, informed consent forms, and whether the clinical trial is being conducted in accordance with the approved protocol.
Discussion
Recently, there has been increasing interest in the use of acupuncture treatment for patients with MCI. In many clinical studies, the potential benefits of acupuncture for cognitive improvement have been identified in clinical outcomes, [17] [18] [19] 21, 23 and neuroimaging studies have been conducted to determine the therapeutic mechanism. [24] [25] [26] To our knowledge, this study will be the first clinical trial to examine the influence of long-term acupuncture treatment on the prefrontal activity of patients with MCI assessed using fNIRS. fNIRS is a recently developed optical imaging technology that measures changes in oxy-Hb and deoxy-Hb from the brain surface. It is a non-invasive and low-cost method to verify hemodynamic response at the cortical surface elicited by brain activity. 11, 26, 39 Compared with fMRI, fNIRS is easily portable and has high temporal resolution. Because it can assess brain activity, both in an active and resting state, it is often used to measure focal brain activity in the field of brain and cognitive science. 39 This study will be conducted as a prospective, two-group, parallel designed, clinical trial. To determine differences in brain activities of the prefrontal cortex that appear during WM tasks between MCI patients and age-matched healthy controls, we will compare the brain activity patterns of two groups in the WM task process through fNIRS assessment at baseline and after 12 weeks acupuncture treatment using a two-sample t-test. We would like to study that after 12 weeks acupuncture treatment the brain activity pattern of MCI patients become similar to that of healthy controls. Since the repetitive WM task can be confounding factor, the control group will be repeatedly performed the fNIRS assessment during the WM task as the patient. The paired t-test will be performed to compare differences in cognitive function, and the hemodynamic response before and after treatment within each group.
The acupuncture process in this trial includes a detailed description of all acupoints, the type of acupuncture needle used and the procedure, which is in accordance with the revised STRICTA standards 27 (Table 2) .
This study, however, may have several limitations, the first of which is the small sample size, which may make it difficult to generalize the results. Second, there is no placebo control group; therefore, possible placebo effects of acupuncture treatment cannot be verified. As such, it can be difficult to judge whether the results of this study are due to the acupuncture treatment or to placebo effect. However, this study is only a pilot trial and, through additional randomized-controlled follow-up studies, the effects of acupuncture treatment on improved cognitive functions can be verified. Finally, neither the acupuncturist nor the study participants could be blinded, which may lead to the introduction of bias. In follow-up studies, however, all measurements will be recorded and managed by an independent researcher to minimize the risk for bias.
Ethics approval
Before subject recruitment, the Institutional Review Board of Dunsan Korean Medicine Hospital, Daejeon University, approved the protocol of the clinical trial, case report form, and all measures that will be used in the study (DJDSKH-17-BM-13). Before participation, the subjects will be provided with study-related information in the consent form by the investigator, which will also serve to confirm voluntary participation. The participants will be able to remove themselves from the clinical trial at any time during the study period.
